Age related changes in body composition are associated with long term dietary intake profiles. Age related increase in body fat is primarily attributed to decline in physical activity and basal metabolic rate as well as dietary intake. The study was designed to assess the body composition, dietary intake and physical activity level of sedentary adult women of different age groups. A cross-sectional study was conducted on 152 sedentary adult women comprised of students and faculty from Punjab Agricultural University, Ludhiana. The relationship of body composition with dietary factors and physical activity level of women in four age groups i.e. 21 -30, 31 -40, 41 -50 and 51 -60 years was determined. A gradual increase (p ≤ 0.05) in anthropometric and body composition parameters such as weight, waist circumference, hip circumference, body mass index, fat mass and visceral fat rating was observed with the advancement of age. The lean body mass was decreased significantly (p ≤ 0.05) as the age progressed, the values for four age groups being 74.9, 68.9, 62.8 and 60.9%, respectively. Contrary to this fat mass increased with age, the corresponding values for four age groups being 15.7, 21.4, 26.6 and 29.2 kg, respectively. The percent adequacy of protein by four age groups was 69.6, 78.2, 80.0 and 66.3, respectively when compared to RDA while fat intake was much higher i.e. 245.5, 271.8, 288.4 and 250.8%, respectively. The energy intake was inadequate among all age groups, however, a significant (p ≤ 0.05) difference was observed in daily energy consumption between the age groups. The mean physical activity level (PAL) of the subjects ranged between 1.49 -1.60. The physical activity level values showed that majority of the subjects (87% -94%) were having sedentary life style. Age is a crucial factor associated with body composition. A high fat mass and low lean body mass of the subjects was observed. Their diets were low in protein but high in fat. Majority of the subjects from different age groups had sedentary life style. A diet with higher protein and lesser fat combined with exercise can help in sustaining optimum body composition.
Introduction
The recent worldwide increase in the prevalence of obesity complicates the relationship between weight change, muscle mass and decreasing strength with age. In aging men and women, the percentage of fat mass increases, such change has been attributed to accelerated decrease in lean mass. Multivariate analysis suggested that the association between lean mass and fat mass was attributed to hereditary, dietary factors and physical activity levels [1] . Therefore, it is evident that ageing is associated with changes in body composition which includes an increase in fat mass and decrease in lean mass. Loss of lean body mass may lead to a greater risk of functional impairment and mortality and is an important public health problem.
Several international and regional studies indicated that factors causing obesity are multi-factorial in origin.
These factors may include biological and non-biological factors such as hereditary, age, sex, education, socioeconomic level, physical activity, eating habits and psychological factors [2] . Until recently, obesity was viewed as deriving from the intake of calories in relation to consumption. Nowadays, however it has been demonstrated that genetic, environmental and psychological factors participate in this equation. The risk factors may vary within and among population groups exposed to different environmental and biological influences [3] .
Relationship between diet and age-related changes in lean and fat mass may become clearer if concurrent changes are studied together. Age-related changes in body composition are associated with long-term dietary intake profiles. Age-related increase in body fat is primarily attributed to decline in physical activity and basal metabolic rate as well as dietary intake [4] . Throughout much of 20th century, energy intake remained largely unchanged, even with economic development. Yet prevalence of obesity began to escalate and while the quantity and quality of food intake have become important issues, most of the obesity epidemic could probably have been avoided if physical activity levels had remained unchanged.
Asian Indian phenotypes have high body fat with relatively less BMI, less lean body mass and marked abdominal obesity [5] . A growing number of urban women aged above 35 years with gradual slowing down of metabolic rate are falling victim to sedentary life styles, rich food, lack of exercise and diets with increased protein and reduced carbohydrates have been shown to improve body composition, lipid and lipoprotein profiles and glycemic regulations associated with treatment of obesity and weight loss [6] . Derived from these outcomes, high-protein, low-carbohydrate diets are also being examined for treatment of heart disease, metabolic syndrome, and type II diabetes [7] . Large proportions of Indian women are lacto-vegetarian and hence depend on plant foods for obtaining essential amino acids. Optimum protein quality with restricted fat intake, along with a physically active life style, may help these women to have right proportion of fat and lean mass.
The importance of measuring body composition has increased due to the need to evaluate changes in the nutritional status, which can affect body reserves differenttially. Subjects can gain body fat, fat-free mass, cellular mass components as a result of overeating and sedentary lifestyle. These changes can only be detected by using valid body composition techniques. One of the important aspects of health of individuals is their nutritional status, which is defined as a result of interaction of body composition, energy balance and body functionality. Body composition assessment in terms of lean body mass and fat mass is the best long-term indicator of nutritional status. The present study is aimed at understand the role of dietary factors and physical activity levels to alter the body composition of working women especially in terms of lean body mass and fat mass.
Methods

Selection of Subjects
The volunteer students and women faculty members working as in Punjab Agricultural University, Ludhiana, and were in the age-range of 21 -60 years were recruited for this cross sectional study. Women who were pregnant, lactating, hypertensive, diabetic or diagnosed for any hormonal imbalance were not included in the study. A total of 152 subjects participated in the study. A prior written consent of the subjects to participate in the study was obtained. The subjects were then divided into four groups on the basis of their age i.e. 21 -30, 31 -40, 41 -50 and 51 -60 years and number of subjects in each group was 44, 36, 42 and 30, respectively.
Dietary Survey
A structured "24 Hour Recall" questionnaire to collect the information regarding food intake was developed and pre tested. The researchers interviewed the subjects regarding their diets for three consecutive days i.e. one holiday and two working days. The subject was asked about the types of food preparations made at breakfast, lunch, afternoon tea and dinner. An account of raw ingredients used for each of the preparation was obtained and information on total cooked amount of each preparation was noted in terms of standardized cups. The intake of each food item by the subject was assessed by using the cups. The major nutrients were then calculated using MSU Nutriguide Computer Software [8] . The percent contribution of these nutrients to total energy intake was determined. The adequacy of nutrients was evaluated by comparing the intakes with Recommended Dietary Allowances (RDA) [9] .
Physical Activity
PADM (Physical Activity Diary Method) was used to record the time spent on different activities for the days during which dietary survey was carried out. The daily activities were classified into sleep, light, moderate and heavy activities according to MSU Nutriguide Computer Software [8] . Basal metabolic rate (BMR), total daily energy expenditure (TDEE) was calculated using MSU Nutriguide Computer Software [8] . Physical activity level (PAL) was calculated using the following formula: PAL = Total daily energy expenditure (TDEE)/Basal metabolic rate (BMR)
The life style of the subjects was determined on the basis of PAL values. The subjects of different age groups were classified into three following lifestyle categories: 1) Sedentary or light activity lifestyle 1.40 -1.69; 2) Active or moderately active lifestyle 1.70 -1.99; 3) Vigorous or vigorously active lifestyle 2.00 -2.40 [10] .
Anthropometry and Body Composition
Basic anthropometric measurements such as height, waist and hip circumference measurements were taken using standard methods [11] . The derived anthropometric measurements viz. body mass index and waist-to-hip ratio were calculated using standard procedures. Weight and body composition of the subjects was determined using bioelectrical impedance using Body Composition Analyzer BC-420MA [12] .
were computed. Analysis of variance was employed to assess the difference of dietary factors and physical activity levels of the subjects in four age groups.
Results and Discussion
Weight and Body Composition
Anthropometric measurements and body composition parameters of the subjects have been shown in Table 1 . The weight of the subjects in four age groups ranged between 33.0 -87.5, 40.0 -82.4, 57.7 -87.2 and 48.9 -112.3 kg with mean values of 56.3, 63.3, 70.7 and 72.6 kg, respectively. The results revealed that there was a gradual increase in body weight with an advancement of age. BMI of the subjects revealed that the women in group II, III and IV were overweight by 1.6, 9.1 and 15%, respectively when compared to an ideal BMI of <25 kg/m 2 [13] . The mean waist circumference of the subjects in four age groups was 80.9, 88.7, 94.2 and 94.9 cm, respectively. There was a significant (p ≤ 0.05) difference in the waist circumference of group I with that of group II, III and IV. Similarly, group II had significantly (p ≤ 0.05) lesser waist circumference when compared to group III and IV. The older age groups i.e. III and IV had significantly (p ≤ 0.05) higher hip circumference as compared to younger age groups. There was no significant increase in the hip circumference till the age of 40 years; however the hip circumference increased significantly (p ≤ 0.05) after 40 years. The waist-to-hip ratio was maximum in group II (0.89) followed by group III (0.85) and group IV (0.84), the reason being higher hip circumferences in the older age-groups i.e. 41 -50 and 51 -60 years. The ideal waist-to-hip ratio for women should be <0.8 [14] , the subjects, except in group II had waist-to-hip ratio close to the ideal values.
An increase in body weight with an advancement of age had been reported by Ursula et al. [15] . Mean body weight of 20 -29, 30 -39, 40 -49 and 50 -59 years old professional women employed in an electronic industry of Bangalore, India were 53.2, 56.2, 57.4 and 62.1 kg, respectively [16] . The body weights were higher in the Punjabi women as compared to their counterparts from Bangalore, India. Average body weights of healthy Caucasian adult women in the age group of 18 -34, 35 -54 and 55 -74 years were 73.3, 74.7, 75.1 kg [17] . The body weights of the older age group subjects in the present study were closer to the reported study. The mean BMI of professional women (20 -50 years) from Rajasthan ranged between 27.8 -28.9 kg/m 2 [18] . BMI of 20 -40 y old underweight, normal and overweight women from Bangalore was 17.0, 20.7 and 26.6 kg/m 2 , respectively [19] . The mean BMI of 18 -74 years old Caucasian adult women ranged between 21.3 -24.9 kg/m 2 [17] . A higher BMI of the subjects was observed in the present study when compared to reported values in literature. A lower prevalence of obesity among women from three Indian states i.e. Rajasthan, Tamil Nadu and Kerala was reported when compared to obesity found in the present study. Jain and Singh [18] and Joseph at al [20] reported a lower prevalence of obesity among women from Rajasthan and Tamil Nadu. The results highlighted alarming proportion of obesity in the Punjabi women especially in the older age groups. Another study reported that the waist circumferences of 18 -50 years old obese and non-obese Rajasthani women were 83.2 and 67.7 cm, respectively. The hip circumference of normal Rajasthani women in the age-group of 18 -50 years was 89.3 cm, whereas it was 76.2 and 105.1 cm in underweight and obese women, respectively [21] . The hip circumference of normal, overweight, obese grade I and obese grade II housewives in the age-group of 19 -70 years from Maharashtra was 99.6, 109.4, 112.3 and 126.0 cm, respecttively [22] . The mean hip circumference of professional women from Bangalore was 93.6 cm [13] . The hip circumference of women in the present study was much higher than their women counterparts from other states of India. The waist-to-hip ratio of professional women from Bangalore ranged between 0.83 -0.89 [16] . The women in 45 -50 years age-group had mean waist-to-hip ratio of 0.85 [18] . The mean waist-to-hip ratio of normal, overweight, obese I and obese II women was 0.83, 0.82, 0.81 and 0.82, respectively as reported by Jain and Singh [18] . The waist-hip ratio of the subjects were close to those reported in the literature.
A significantly (p ≤ 0.05) lesser fat mass was observed among the subjects in group I when compared to group II, III and IV. Similarly, group II had significantly (p ≤ 0.05) lesser fat mass, when compared to group III and IV. Fat percentage increased significantly (p ≤ 0.05) as the age progressed. The prevalence of excess of fat mass i.e. more than suggested value of 38% [23] was found among 43, 94, 100 and 93% of the subjects of four age groups. A significant (p ≤ 0.05) increase in visceral fat rating of the subjects was observed with the advancement of age. The mean visceral fat rating of the subjects in all four groups was below 12, which indicated that the subjects were at low risk of degenerative diseases.
Group I and III showed a significant (p ≤ 0.05) difference in lean body mass (LBM). There was no significant difference in values of LBM in other age groups. The youngest age category i.e. (21 -30 years) showed highest percent LBM as compared to other four age groups. There was a significant (p ≤ 0.05) difference in percent LBM of subjects in I and III and in I and IV age groups. The mean values of muscle mass % showed that with the advancement of age, there was a significant (p ≤ 0.05) decrease in muscle mass. The results revealed that the percent muscle mass reduced significantly (p ≤ 0.05) after 40 years of age.
Body fat of adult Caucasian women ranges between 4.8 -60.2 kg with the mean values of 17.6 kg [17] . The mean body fat of normal and obese women from Andhra Pradesh was 14.1 and 22.6 kg, respectively [21] . The results of above mentioned both the studies revealed that the subjects in the present study had higher fat mass. Total body fat % of 20 -59 years old professional women from Bangalore ranged between 28.7% -35.1% [16] . The urban women from Tamil Nadu, who were normal, overweight and obese had fat percentage of 26.9, 34.8 and 41.86, respectively [20] . The mean body fat % of normal, overweight, obese grade I and obese grade II women in the age-group of 18 -70 years from Maharashtra was 27.2, 30.9, 37.6 and 38.0%, respectively [22] . The body fat % of Caucasian adult women ranged between 11.6% -53.7% with the mean values of 28.7% [17] . The excessive fat mass among the subjects especially among three older age groups is a matter of grave concern. The mean lean body mass of Caucasian women ranges between 26.6 -67.2 kg which was higher than the results obtained in the present study [17] . Lean body mass of Indian women in literature ranges between 36.4 -47.7 kg [16, 19, 21, 22] and was close to results of the present study. The study indicated that Punjabi women similar to women from other states of India had lesser LBM whereas; their European counterparts had higher values of LBM.
Dietary Intake
Self reported energy intake and macronutrient composition has been depicted in Table 2 and Figure 1. 
Energy Intake
The daily intake of major nutrients viz. carbohydrates, fat, energy and protein has been shown in Table 2 . There was no significant variation observed in the carbohydrate intake of the subjects from four groups. The percent adequacy of intake of fat by the subjects in four age groups was 245.5, 271.8, 288.4 and 250.8%, respectively. A significant (p ≤ 0.05) difference was observed in daily energy consumption between the age groups. All the groups had lower energy intake than the recommended daily allowances [24] , the percent adequacy being 68.7, 75.4, 75.4 and 69.8. There was no significant difference in the protein intake between the groups. The percent adequacy of protein by four age groups was 69.6, 78.2, 80.0 and 66.3, respectively. The energy intake of the subjects in the present study was lower than the RDA. The reported mean daily intake of energy in urban Punjabi women ranged from 1444 -1509 kcal, which was also inadequate [25] . In another study, an even lower mean value of energy intake (1143 kcal) among Indian women was reported [26] . The average carbohydrate intake of women in the age group of 25 -35, 35 -45 and 45 -50 years, working in a sedentary [18] . The carbohydrate intake was less while fat intake was more in case of present study when compared to the reported study. The percent adequacy of protein by four age groups was 69.6, 78.2, 80.0 and 66.3, respectively. The average protein intake of 53.6 -59.3 g was reported in sedentary women from Jaipur [18] . However, a deficient protein intake (46.5 g) among adult Punjabi women was reported [25, 27] . A low protein intake i.e. 40.7 g was reported among Indian women from Mysore [26] . The results revealed that the Punjabi women had lesser protein intake similar to their counterparts from other states of India which may affect their body composition. Low-fat, energy-restricted diets of varying protein content (15% or 30% energy) promoted healthful weight loss, but diet satisfaction was greater in those consuming the high-protein diet [28] . A diet with higher protein and reduced carbohydrates combined with exercise additively improves body composition during weight loss program [29] . Another study reported that dietary protein is more satiating than carbohydrate or fat [30] . Higher protein dietary patterns that are low in saturated fat may be considered as a legitimate option for weight management.
Macronutrient Composition
The results showed that group II derived significantly (p ≤ 0.05) lesser percent calories from carbohydrates when compared to group I and IV. The contribution of protein to total energy intake was lesser while fat was above the suggested values of 10% -15% for protein and 15% -30% for fat [14] .which may not be desirable for optimum body composition of the subjects (Figure 1 ). There was no significant variation observed in contribution of carbohydrates, proteins and fats to total energy among different age groups.
Physical Activity
The daily average time allocation (minutes) for different activities is shown in Table 3 . The longer sleep time for the youngest age-group was observed. Group II spent significantly (p ≤ 0.05) longer time on light activity than group I and IV. Group III also spent significantly (p ≤ 0.05) longer time on light activities when compared to group I. The younger age-group was less active as they spent significantly (p ≤ 0.05) lesser time on moderate activity when compared to group II, III and IV. The least time spent on heavy activity was among group II (21 min/d) followed by group I (25 min/d), group III (29 min/d) and group IV (29 min/d). There is easy availability of hired help for Indian women. The most prevalence practice was to hire a "part time" domestic help, the percent of subjects with "part time" domestic help in four age groups was 45%, 78%, 74% and 57%. The "full time" domestic helps was more common in older age groups i.e. 37% and 24% in group IV and III, respectively. Thirty nine percent of the subjects in group I were residing in hostels, so this factor was not applicable to them.
There was lesser sleep in the subjects above 30 years, which could be due to busy life style. The busy life style of the subjects to get ready for work at the prescribed time could be the reason for lesser time allocation for this activity. The more time spent on moderate activities like general household work in group II could be due to busy household activity pattern governed by the composition of the family i.e. more number of preschoolers or school going children. The oldest age-group spent more time in heavy activities mainly the exercise as compared to other groups which could be due to more time available to them for this activity or could be due to awareness regarding importance of exercise. Women in the age group of 25 -50 years working in sedentary jobs in Jaipur spend 505, 539, 373, 121, 7 and 2 minutes in sleeping, sedentary, light, moderate, vigorous and strenuous activities, respectively. The study further revealed that the subjects in the age group of 35 -45 years spent more time in sleeping (554 minutes) followed by 25 -35 years (491 minutes) and 45 -50 years (472 minutes). The younger Table 3 . Physical activity of the subjects. [18] . The older age group spent more time on vigorous activities involving exercise and sports as compared to their younger counterparts [18] . The results of the present study are in line with the reported study. Dietary intake and physical activity in the present study is self-reported by the subjects. Therefore, the younger participants may be underreported while the older participants over reported.
Energy Expenditure on Activities
Energy expenditure on sleep, light, moderate and heavy activities have been shown in Table 4 . Group I had significantly (p ≤ 0.05) more energy expenditure on sleeping and significantly (p ≤ 0.05) lesser energy expenditure on moderate activities when compared to group II, III and IV. In case of light activities group I had lesser energy expenditure as compared to group II and III. Group I had significantly (p ≤ 0.05) more energy expenditure on heavy activities as compared to group II. The older age group had significantly (p ≤ 0.05) higher energy expenditure on heavy activities as compared to group I and II and group III had signifycantly (p ≤ 0.05) higher energy expenditure on heavy activities as compared to group II.
Estimated Total Energy Expenditure
The mean BMR of the subjects in group I, II, III and IV was 1357, 1361, 1391 and 1357 kcal, respectively. The corresponding TDEE values were 2290, 2446, 22480 and 2392 kcal. Group I had significantly (p ≤ 0.05) lesser TDEE when compared to group II, III and IV. Group I had significantly (p ≤ 0.05) lower PAL when compared to group II, III and IV. Classification of subjects according to lifestyle in relation to intensity of habitual physical activity has been shown in Figure 2 . The maximum number of subjects in all four groups was having light activity life style, the range being 87% -94%, whereas maximum number of moderately active subjects were from group IV (13%) closely followed by group III (12%).
The youngest age group had the least PAL, which might be attributed to less social and household responsibilities in this group. The older age groups had more active life style which could be attributed to better awareness regarding importance of active life style as the age progresses. None of the subjects in the four agegroups had vigorously active life style. PAL values increased with increasing activity grade [31] . Lifestyle changes that increase the level of physical activity may be advantageous in blunting age-related increase in total and central body fatness [32] . The limitation of the study is that BMR is based on the body weight could produce an error, the prediction equations based on body fat mass or muscle mass needs to be derived to accurately determine BMR and TDEE. Moreover, there could be over or under reporting regarding food intake and physical activity.
Conclusion
The results revealed that both diet and physical activity had strong relationship with anthropometric and body composition parameters in women as the age progressed. A diet with higher protein and reduced carbohydrates combined with active lifestyle can sustain the optimum weight without reducing the lean body mass. The presser- Table 4 . Energy expenditure on different activities and total daily energy expenditure (TDEE), basal metabolic rate (BMR) and physical activity level (PAL) of the subjects. vation of muscle mass and prevention of sarcopenia can be a useful strategy to increase the functional independence and to decrease the prevalence of chronic diseases among ageing women with sedentary life style.
